The CrB ϩ cation molecular system has been investigated with the help of semi-quantitative basis sets ͓(7s6 p4d3 f ) Cr /(4s3p2d1 f ) B ͔ and highly correlated ͑valence͒ multi-reference wave functions. Out of a possible manifold of 70 states correlating to the Cr
I. INTRODUCTION
With the present report on CrB ϩ we conclude our tetralogy on the boride cationic systems MB ϩ , MϭSc, Ti, V, and Cr. 1 As in our previous work in these systems we investigate by ab initio quantum mechanical methods, the electronic structure of the ground and of a series of low-lying excited states of the CrB ϩ molecule. In particular, we focus our attention on the accurate determination of binding energies, and on interpreting the binding modes of the states studied by simple pictures based on a valence-bond conceptual approach.
All states examined correlate to the ground 2 P state of the B atom, and to the ground 6 3, 5 ⌸(3), 3, 5 ⌬(2), 3, 5 ⌽͖, ͕ 3,5 ⌺ ϩ (2), 3, 5 ⌺ Ϫ , 3, 5 ⌸(3), 3, 5 ⌬(3), 3, 5 ⌽(3), 3, 5 ⌫(2), 3, 5 H͖ molecular states spanning an energy range of about 4 eV. Out of the above 70 molecular states we have examined a total of 35, i.e., all of the first ͑4͒ and of the second ͑18͒ group, all of the triplets ͑9͒ of the third group and 4 states ( 3 ⌺ Ϫ , 3 ⌽, 3 ⌫, 3 ⌬) of the last group. Due to the rather large 6 
II. METHODS
The same basis set was used as in our previous work. 1 Considering the Cr ϩ 1s 2 2s 2 2p 6 3s 2 3p 6 and the B 1s 2 electrons as the ''core,'' we are confronted with a 8 ''valence'' ͑active͒ electron problem. This 8 e Ϫ system generates 2Sϩ1 ͉⌳͉ states with multiplicities 1, 3, 5, 7, and 9. Disregarding the singlet states which correlate to higher excited states of Cr ϩ than the ones' considered here, and the nonet states which correlate to the first excited 4 P state of the B atom, all other multiplicities have been examined. Now with the exception of the septets which, in principle, can be described by a Hartree-Fock wave function, all other states require a multi-reference approach. Moving along the same line as in our previous work, 1 a Complete Active Space SCF ͑CASSCF͒ approach was adopted followed by ͑valence͒ singles and doubles configuration interaction within the philosophy of the internal contraction. 5 We believe that this multi-reference configuration interaction ͑MRCI͒ methodology is the only general method for describing complicated bonded systems, 6, 7 particularly if one wishes to construct potential energy curves. We remind that the MRCI method is variational, size consistent and practically size extensive 8, 9 for a relatively small number of active electrons.
Our reference space is composed of 10 orbital functions, related asymptotically to the valence occupied spaces of Cr ϩ (4sϩ3d) and B (2sϩ2 p) atoms. The number of configuration functions ͑CF͒ ensuing from distributing eight electrons among a 10 orbital function space ranges from 268 ( 7 ⌺ Ϫ ) to 5200 ( 3 ⌸), according to the symmetry of the state. Our largest MRCI expansion of 15 623 942 CFs is reduced to 815 020 CFs through the internal contraction technique. 5 No significant hazard is caused by the internal contraction strategy; as we are taught from our previous experience 1͑b͒ total energy losses are of the order of 1 mhartree.
Notwithstanding the C 2 symmetry constraints imposed on our computations, the CASSCF wave functions display symmetry and equivalency restrictions. Except otherwise stated all states have been calculated using the state-average technique. 10 Judging as adequate the size of the one particle function space no corrections for basis set superposition errors were applied.
All calculations were done with the MOLPRO 96.4 suite of codes.
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III. THE Cr ¿ AND B FRAGMENTS
In Table I 
IV. RESULTS AND DISCUSSION
In the following discussion we examine the 35 computed states in ascending energy order and according to their asymptotic products. Figure 1 presents full potential energy curves ͑PEC͒ of all states examined and Fig. 2 Cr ϩ e Ϫ ͑c-MRCI͒, and increasing also the basis set of boron from triple-to quadruple-. The results are similar for all four states; a representative sample of these calculations is given in Table III for the X 7 ⌺ ϩ state. We conclude that the 10 active orbital space ͑8/10͒ is necessary even for these states where the 4s function of Cr ϩ is not required asymptotically, the resulting gain in D e being 1.8 kcal/mol. Going from MRCI to c-MRCI the binding is increased by another 1.3 kcal/mol, despite the fact that the ANO-Cr basis set used is not tuned for the 3s 2 3 p 6 e Ϫ to be included in the CI treatment. 3 However, we choose not to pursue this point any further due to the disproportional increase of the calculation ͑92 265 CFs at the MRCI vs 3 849 489 CFs at the c-MRCI for the X 7 ⌺ ϩ state͒. Finally, the gain in D e is rather insignificant, 0.3 kcal/mol by increasing the boron basis from triple-to quadruple-.
An observation is needed at this point for the state average ͑sa-MRCI͒ D e number: the 2.5 kcal/mol D e difference between the sa-MRCI and MRCI ͑Table III͒, is an artifact due to the inappropriateness of the sa-orbitals at infinity as evidenced by the size extensivity error, 7.6 mhartree at the sa-MRCI level. This is not observed to the rest 31 molecular states correlating to the excited Cr ϩ atomic states. The foregoing discussion justifies our basis set active space ͑8/10͒ and MRCI choices.
Now at equilibrium the atomic CASSCF Mulliken populations are ͑Cr/B͒ 
⌸
The potential curves are shown in Fig. 3 with asymptotic wave functions whose symmetry is carried by the p e Ϫ of the B atom. The dominant equilibrium CASSCF (B 1 symmetry͒ configurations, 
7 5
⌬, 17 5 
⌬
Their origin is traced to the product ͉ 6 D;M ϭϮ2, Ϯ1͘ Cr ϩ ͉ 2 P;M ϭ0,Ϯ1͘ B . In both states the asymptotic character of the fragments is maintained along the bonding process. As is evidenced from the leading CASSCF equilibrium CFs as well as from the atomic population analysis, Fig. 6 , and with the following leading CASSCF equilibrium CFs: Fig.  9 . The involved morphology of the ⌸ symmetry curves is caused by consecutive avoided crossings discussed briefly in what follows.
At large distance ͑ϳ6 bohr͒ a strong interaction between the 13th and 23 3 ⌸ states changes their character (M ϭϮ2, ϯ1→0,Ϯ1), followed by an avoided crossing at 5.3 bohr between the 6th and the 13 3 ⌸ states, resulting to the character transfer of the latter to the former. The net result is the adoption of the 23 3 
